The latter assays indicated that, in contrast to spinach, neither plastocyanin nor cytochrome f ( = Cyt 553) is present in sonified or pyridine treated B u m illeriopsis chloroplasts. Photooxidation of (added) cytochrome 553 takes place not only without plastocyanin but is counteracted by the cop per protein.
Introduction
After the discovery and characterization of plasto cyanin by K a to h lf 2 considerable effort has been undertaken to elucidate its role in the photosynthetic electron transport chain. E arlier reports about re constitution experiments 3 or findings with mutants of Chlam ydom onas 4 suggested a sequence Cyt f -> Pc -> P700. This was corroborated by several authors with detergent treated or sonified chloro plasts 5-7 and -along with the refinement of pre parative techniques -also with reconstituted photosystem-I p articles8' 9. Very recently, this sequence was evidenced with intact thylakoid membranes by inactivating plastocyanin directly at its site with specific agents such as HgCl2 10 or KCN A1,12. So, the sequence appears to be substantiated at least for higher plants.
However, up to now there has always been dis agreement with this proposal. Particularly Fork and cow orkers13,14 like to reverse the functional location of both redox proteins and are supported by others 15,16. A third proposal puts the redox carriers in series as first suggested by Kok et a l . 17 and we, too, had some data in favour of i t 18. Some authors have extended this parallel scheme so far as not to ascribe cytochrome f but plastocyanin instead the main redox function in noncyclic electron tra n sp o rt19.
Plastocyanin was isolated and (partly) purified from several algae: A n abaen a20, C h lo rella 1' 21, Chlamydomonas 22 , Scenedesmus (own findings, see also 23) . By comparative epr surveys 24 is was con cluded that Pc is also present in the red alga Porphyridium . The occurence of cytochrome f was proven in all the species mentioned (see 25,26 for references). It appears to occur in algae in a low molecular form throughout 25.
It was shown that algal cytochrome f is necessary for complete electron transport through both photo systems in Euglena 27, 52 and that it can be mutually exchanged with plastocyanin in photosystem I reac tions of higher plant chloroplast (particles), although with different efficiency13,18,28. Little work has been done to elucidate the interaction of plastocyanin and cytochrome f in algae. M easure ments of quantum efficiencies and kinetics of cytochrome-f oxidation and reduction in P orph yridiu m 29, for example, do indicate a crucial role for cyto chrome f but not for plastocyanin (see also 30) . Ex-periments reported with cell-free systems of the pro caryotic Anabaena 22' 31 showed that both algal Pc and cytochrome f catalyze redox reactions at photo system I, however, these experiments were not aimed to answer the operational sequence. Experiments with euearyotic algal chloroplast material are lacking since up to now only some species allow isolation of chloroplasts capable of noncyclic photo synthetic electron transport with rates comparable to those isolated from higher plants.
We have been pursuing investigations with a cellfree system of the coccoid heterokont alga Bum il leriopsis filiform is for several years. This species yields chloroplasts of high photosynthetic activity so badly needed in v i tr o 32. In the following, data are given which indicate lack of plastocyanin and point to cytochrome f as the direct electron donor for photosystem I.
A prelim inary report of these experiments has been presented 33.
M aterials and M ethods

B iological m aterial
B um illeriopsis filiform is. Vischer (from the stock collection of the latter author) and Chlorella vul garis Beijerinck ( = C. p ro to th e co id e s34; No. 211-11 h of the Algae Culture Collection, University of Göttingen) were grown in sterile liquid autotrophic m ineral m edium 35 in Fernbach flasks on a shaker as described previously36. The iron was complexed with EDTA. The cells were harvested after 7 -8 days growth when the suspension had a density of about 4 -5 x 106 cells with Bum illeriop sis and about 5 -6 x 107 cells with Chlorella. Scenedesm us acutus (No. 276-3 a, Cult. Coll. Göttingen) was kindly provided by Dr. C. Soeder, Dortmund. There, the alga was grown in open flat containers in m ineral m ed iu m 37 with trace elem ents38 in a green-house without artificial light. Spinach was Spinacia oleracea, strain " ATLANTA" , grown in the garden during A pril to June on thoroughly ferti lized soil. However, in order to obtain chloroplasts with reproducible activity, it was grown in a con trolled climate chamber at 20 °C on vermiculite with the nutrient solution according to Arnon 39 , the F e S 0 4 replaced by the Fe-EDTA complex. Fluores cent light with approx. 103 ft-c was given in an 8 hour light to 14 hour dark regime.
P reparative m ethods
a. Spinach plastocyanin Approx. 2 kg of fresh spinach leaves, added to 400 ml of 0.02 M tricine-NaOH, pH 8,0, including 0.4 M sucrose were homogenized in a W aring Blendor (3 1 capacity) and the homogenate extracted in a press (model H afico).
In a first method (compare 40,22) the sap was precipitated with a fourfold volume of acetone ( -15 °C ), centrifuged (10 min, 10 0 0 0 x g ) , the pellet resuspended in 0.02 M tricine-NaOH, pH 8.0, dialyzed against the same buffer for at least 12 hours, centrifuged again as above, placed on a DEAE column (DE 52, W hatman) and treated fu r ther as described below for the algal plastocyanins. For oxidation of the plastocyanin during the prepara tion procedure the ferricyanide concentration should be approx. 5 times higher than indicated below.
The second, more elegant method, however, was to centrifuge the green sap at start for 2 min at 1000 x g , + 4°C , to discard the pellet and to spin the supernatant again for 5 min at 50 000 x g. Then the pellet was resuspended in tricine-NaOH, pH 8.0, adjusted to 2 -3 mg of chlorophyll per ml and soni fied in 40 ml portions for 2 min each with a Branson sonifier (mod. J-17 A, 300 W atts, with a macro probe and the power setting at 6 ; maximum posi tion at 12). The sample was cooled to + 4 °C with a continuous flow attachment connected to a re frigerated therm ocirculator (Haake, Berlin, mod. K T 3 3 ). The combined samples were centrifuged for 30 min at 50 000 x g. Ammonium sulfate with 55% saturation was added to the supernatant (pH was somewhat below 6) which precipitates part of the flavoproteins and the rest of the green particles. The supernatant has a yellow-green color and con tains the plastocyanin (besides yellow im purities). This supernatant turns dark-blue after addition of some K-ferricyanide (about 20 /A of a 2 x 1 0 2 m solution to 80 -1 00m l of supernatant). After dia lysis for 12 hours against 0.02 M tricine-NaOH, pH 8.0, to remove the (NH4) 2S 0 4 , the sample (which had lost its blue color) was oxidized again and placed on the first DEAE column ( 2 x 5 cm ). The plastocyanin stuck at the top of the column, part of it in the blue form. It was washed with 300 ml of 0.06 M NaCl solution (if not mentioned otherwise, all sodium chloride solutions were buffered with 0.02 M tricine-NaOH, pH 8.0) until the eluate did not show any absorbance at 280 nm. The copper protein was then eluted with a linear gradient from 0.06 to 0.13 M NaCl. To the plastocyanin contain ing fractions (5 ml each) again ferricyanide was added (less than 5 //I of a 5 x 1 0 -2 M solution per fractio n ), those fractions combined, diluted 1 :3 with 0.02 M tricine and placed on a second DEAE column ( 1 x 3 cm) and the protein eluted with 0.2 M NaCl; the volume of the eluate should be only 2 -3 ml. It was further purified by passing through a Sephadex G-75 column (2 x 100 cm; elu tion with 0.05 M tricine-NaOH, pH 8 .0 ), and con centrated on a small DEAE column as mentioned above.
A third procedure according to Siedow et al. 9 ap plies pyridine and sonification. All three methods yielded approx. the same amount of plastocyanin (about 1 mole protein per 400 moles of total chloro phyll) . We used mostly the second one. b. Algal plastocyanin (and cytochrome f)
A paste of about 400 g wet algal cells was suspended in tricine-NaOH, pH 8.0, adjusted to 2 -3 mg Chl/ml suspension and sonified as de scribed above. A fourfold volume of acetone ( -15 °C) was added, centrifuged, the pellet re suspended in tricine-NaOH and dialyzed as de scribed for the acetone precipitation with spinach material. Then the green suspension was stirred ( + 4 °C) for 6 hours and centrifuged for 10 min at 15 000 X g. The supernatant has an intense yel low-green color in case of Chlorella and Scenedesmus and reddish-brown with B um illeriopsis. It was placed on a first DEAE column ( 3 x 5 cm, W hatman DE 52) and the plastocyanin or the cyto chrome 553 (only in the case of Bum illeriopsis) could be eluted with 0.2 m NaCl (NaCl solutions always buffered with 0.02 M tricine-NaOH, pH 8.0 ), the ferredoxin rem ained on top of the column. The plastocyanin in the eluate was oxidized with ferricyanide as described (for spinach Pc, 2nd proce dure) and ammonium sulfate added up to 55% saturation (the eluate was buffered beforehand with 5 ml 1 M tricine-NaOH, pH 8.0, per 60 m l). After 12 hours of dialysis vs 0.02 M tricine-NaOH, pH 8.0, the sample was oxidized again with ferricyanide and placed on a second DEAE column ( 2 x 5 cm) and treated and eluted with a gradient from 0.06 to 0.18 NaCl. After a 1 :3 dilution of the eluate this column step was repeated with a linear NaCl gradient of 0.06 to 0.13 M. The frac tions were combined, oxidized completely with some ferricyanide and placed on the next (4th) DEAE column ( 1 x 3 cm) to be eluted thereafter with 0.2 M NaCl in a volume of 3 -4 ml. This was passed through a Sephadex G-75 column ( 2 x 1 0 0 cm ), eluted with 0.05 M of the buffer mentioned, and con centrated again on a small DEAE column ( 1 x 3 cm). -Chlorella yielded about 1 /^mole Pc per 500 /<moles of Chi, with Scenedesm us the yield was somewhat less.
In all cases, after elution from the last DEAE column, all plastocyanin samples were dialyzed for only 1\5 to 2 hours vs 0.02 M tricine-NaOH, pH 8.0, and stored in 2 -3 ml portions in the deep freeze. They are stable for months.
The plastocyanin preparations checked in the as says had a single band in the disc gel electro phoresis 25. Their spectral and molecular charac teristics will be described elsewhere. An extinction coefficient of 9.8 (mM-1 cm-1 ) at 597 nm was used.
For preparation of algal cytochrome f ( = Cyt 553 from B um illeriopsis), no ferricyanide was added to the samples and one elution step with a gradient 0.06 to 0.13 M NaCl (at the second DEAE column, see above) proved to be sufficient to yield some frac tions of highest purity. For a detailed preparative procedure of this cytochrome, its criteria and ab sorption spectra of both the reduced and oxidized forms see Lach et al. 25 (and also Fig. 7 ).
c. Preparation of chloroplasts and their treatm ent
Chloroplasts from Bum illeriopsis were prepared as described36; however, the homogenization me dium was simplified: 0.4 M sucrose; 50 mM tricineNaOH, pH 8.2; 10 mM NaCl; 5 mM MgCl2; 2 mM Na-ascorbate was added just before use. This was mixed 1:1 (w/w) with a wet algal cell pellet and hom ogenized36. Addition of polyvinylpyrrolidone was not necessary for the experiments described herein. The " chloroplast suspension medium" con sists o f: 0.4 M sucrose, 50 mM tricine-NaOH, pH 8.2; 20 mM NaCl; 4 mM MgCl2 and 10 mM K2H P 0 4 . Chlorophyll concentration generally was about 3 mg/ml. Spinach chloroplasts were prepared from pre illuminated leaves. Freshly harvested leaves were put into a 500 ml beaker with some ice-water and illuminated with gentle stirring with a 100-W bulb for approx. 30 m in; then 15 g were homogenized for 2 sec in a Sorvall Omnimixer in 40 ml of the cold homogenization medium used for B um illeriop sis. The homogenate was filtered through 4 layers of cheesecloth and 1 layer of nylon tissue (40 //m mesh) and centrifuged for 1 min at 4000 X g, the pellet then suspended in the "suspension medium" noted above.
F or preparation of photosystem I particles from Bum illeriopsis the pH of the chloroplast suspension was increased with NH4OH to 8.9 and 0.5 ml of pyridine added per 1 0 0 mg of C h i9. After 3 0 min of stirring (at + 4°C ) the suspension was sonified for 5 min with a Branson sonifier (power setting at 6 ; with a cooled continuous flow cell; see under chapter 2 /a ). Then, Tween 20 was added in a final concentration of 1% (w /w ). After 2 0 min of stir ring, then centrifuging for 1 hour at 50 000 x g , the pellet was discarded and the supernatant centrifuged again for 30 min at 50 000 x g. The supernatant contained the PS-I particles which were spun down for 1 hour at 144 000 x g. The pellet was resuspend ed in 0.05 M tricine-NaOH, pH 8.0, and passed through a Sephadex G-75 column ( 3 x 6 0 cm, elu tion with the same b u ffer). The main chlorophyll containing fractions were combined, concentrated about 4 :1 in a cold glycerol-water mixture (1:1 v /v ), and stored at -20 °C without loss of activity for about 6 months ( = pyridine-Tween 20-chloroplast particles, photosystem-I p articles).
The photosystem-I particles from spinach were prepared according to the method of Siedow et al. 9 and eventually concentrated and stored like the B um illeriopsis particles.
For sonification, the (B um illeriopsis) chloroplast suspension was adjusted to 0.2 mg Chl/ml and treated successively in 10 ml portions for 4 min with the m icroprobe of a Branson sonifier (see above, power setting at 3 ). The sample was cooled in an ice-NaCl m ixture; the tem perature should not rise higher than 10 °C. 2 x 1 0 ml of the sonified sample were mixed with 120 ml of ice-cold 2.5% NaCl solution and centrifuged for 15 min at 250 000 X g (at the bottom of the vials; Beckman L2-65B ). The pellet was evenly suspended in the chloroplast suspension m ixture (see above) and adjusted to 2 mg Chl/ml. d. P reparation of antibodies 2 mg ( = 0.5 ml) of Scenedesmus plastocyanin or B um illeriopsis cytochrome 553, respectively, were mixed with 1 ml of borate buffered saline (NaOH 0.9 g; H 3B 0 3 10.3 g and NaCl 7.8 g per liter) and 1.5 ml complete Freund's adjuvants. This was injected partly into the muscles of the back, the hind leg and under the skin of the neck of a rabbit (bought in the local m arket). After 3 days the procedure was repeated, after 3 -4 weeks a booster shot with 3 mg of protein and incomplete adjuvans was given in the same manner. After a further week the titer was checked by the Ouchterlony technique, and repeated a week later. By then, generally, the titer had readied its maximum and the animals were sacrificed, and as much blood as possible was taken from the neck vein. After stand ing for about 4 hours at room temperature, the blood was centrifuged for 10 min at 4000 x g and the supernatant m ixed with an aliquot of 0.9% NaCl solution buffered with 0.02 M phosphate, pH 7.0. A fter cooling to 0 °C, 20 ml of saturated am monium sulfate was added dropwise with stirring to 20 ml of the antiserum and the mixture stirred for one further hour in an ice bath. Then, after centrifugation for 20 min at lO O O O xg, the pre cipitated antiserum was resuspended in less than 10 ml of 0.9% NaCl (including 0.02 M phosphate buffer, pH 7.0) and stored at -20 °C after a 3 -4 hours dialysis against the same medium.
e. KCN treatm ent of the chloroplast was carried out according to a slightly modified procedure of Izawa et a l . 12: 0 .1 m l of chloroplasts (with 0.3 mg of Chi) were mixed with 0.9 ml of an ice-cold medium consisting of 30 m M K C N ; 0.2 M tricineNaOH, pH 7.9; 1 mM MgCl2; 60 jlim. K-ferricyanide and 0.1 M sucrose. The control samples contained 0.2 m tricine-NaOH, pH 8.2. After standing for the time indicated at 0 °C, aliquots of this preincu bation mixture were added to the reaction medium indicated in the legend of Fig. 5 .
For amphotericin preincubation, 0.1 ml of the chloroplast suspension (see part 2 c) was mixed with 0.9 ml of 0.2 M tricine-NaOH, pH 8. 
Chemicals
General chemicals and buffers were from Merck AG, D arm stadt; "pro analysi" quality was used throughout, including those for algae cultures. Cyto chrome c and methylviologen were from Serva, Heidesberg; amphotericin B from Calbiochem, Los Angeles, USA. The detergents were from Sigma, St. Louis, Mo., USA. The first two preparative steps in Fig. 1 are to be considered as possible alternatives. W ith the three species (noted in the upper left) plastocyanin iso lation was successful regardless of certain modifica tions of the procedure as described in detail in the previous section.
Results
The addition of pyridine and sonification of the chloroplast m aterial proved to be successful to ex tract Pc completely, although with pyridine the yield of the pure protein was only approx. 10% higher than treating the chloroplasts with either 80% acetone or by sonification alone. This was found with Spinacia, Chlorella and Scenedesmus. Therefore, spinach photosystem I particles prepared according to the "pyridine m ethod" 9 did not ex hibit a light-induced 554 nm-change without plasto cyanin added (see Fig. 8 ), as was already reported 9. Also prolonged sonification of spinach chloroplasts (up to 4 min) did not increase the yield of plasto cyanin, nor did addition of pyridine plus deter gents (e .g . 1% Tween 20) and sonification com bined.
Spinach, Chlorella and Scenedesm us (treated in detail as described under " M ethods" ) yielded plasto cyanin but practically no soluble cytochrome f could be isolated in addition. Also Gorman and Levine 22 reported a very small yield of the latter protein from Chlamydomonas (using the acetone treatm ent of the cells). We obtained completely different re sults with Bum illeriopsis. Treated in the same m an ner, Pc could never be isolated but rather the soluble cytochrome 553 ( = cytochrome f from B um illeriop sis, see Lach et al. 25> 42) was found thereby, in a molar ratio to Chi a of approx. 1 :3 0 0 , substantiat ing the figure reported 25. This lade of Pc was also repeatedly confirmed with considerable preparative modifications as outlined above.
Seemingly, the chloroplasts of this alga have no plastocyanin under the culture conditions mentioned. In Fig. 2 the lack of plastocyanin is further evi denced. Photosystem-I particles supplemented with aliquots of the "crude fraction" (of Fig. 1 ) cannot catalyze the photooxidation of reduced mammalian cytochrome c when the cytochrome 553 antibody is added (tracings I and II) whereas a Pc antibody had no effect (III). Care was taken to be sure that the reaction was completely uninhibited also with a manifold excess of antibody against plastocyanin. The result was obtained using either an antibody against the plastocyanin from Scenedesm us (as shown) or spinach. It is generally observed (e. g. with antibodies against the Fd-NADP reductase from different plant and algal species; unpublished results) that an antibody never has such a marked specificity as not to inactivate its antigen somewhat regardless of its plant origin. So, if there were Pc present in the "crude fraction" of B um illeriopsis, the photooxidation should at least have been par tially inhibited. -The amount of antibody neces sary for complete inhibition was determ ined before hand as demonstrated in Fig. 3 (with limiting con centration of Pc or Cyt 553, respectively). Furtherm ore, it is im portant to note that the rate observed in Fig. 2 with the 5 ju\ aliquot of the " crude fraction" corresponds to only 0.002 //mole of cytodirome 553. This protein concentration (of 2 //m) in the assay is far from the saturating level giving a rate of only 142 //moles cyt c oxidized/mg Chi x hour, which was also obtained with the same concentration of highly purified cytodirom e 553 as is shown in Fig. 6 . As pointed out there, a cyt c photooxidation rate due to Pc simply adds up to a rate catalyzed by Cyt 553. So, in the experiment of Fig. 1 , the activity measured was due only to the heme protein present in the " crude fraction" checked.
The epr spectra given in Fig. 4 corroborate this conclusion: Lack of plastocyanin in the supernatant of sonified B um illeriopsis chloroplasts is opposed to the observation of the typical signal for Pc in the corresponding extract from spinach 43 (this was also the case when detergents or pyridine were present additionally). The Pc signal of this crude fraction, however, is not completely identical with that of the pure spinach Pc. The typical narrow hyperfine splitting constant for the pure protein has disapparead, giving way to the broad one generally observed with complexes containing the copper in an ionogenic form. So, it appears that besides native Pc there was additional copper in the From prelim inary epr experiments with chloroplast particles the same results can be concluded as from the findings just mentioned above. Detailed studies (using lower tem peratures) are under way in this laboratory.
As reported long ago 46, and verified recently by the most elegant studies of the Good group 11>12, KCN reacts quite readily and specifically with plastocyanin. Therefore, the experiment represented by Fig. 5 was undertaken with a result expected from the foregoing data. The electron transport in spinach chloroplasts was markedly affected by pre incubation with approx. 30 mM KCN, whereas with B um illeriopsis chloroplasts decrease of activity was little less than the control and due to some inhibition of PS-II activity. The corresponding experiment with amphotericin B also gave analogous results (Table I) Plastocyanin, although absent, nevertheless is a potent redox carrier when tested with B um illeriopsis subchloroplast particles. In Fig. 6 , it is demonstrated how effective the cytochrome c photooxidation could proceed with either cytochrome 553 or plastocyanin (from S cen edesm u s). Half the maximum velocity was attained when the cytochrome was substituted by the copper protein. It should be pointed out that Cyt c photooxidation with sonified Bum illeriopsis chloroplasts or particles is strictly dependent on the addition of either one of the two redox proteins (comp. Fig. 2 ). Figs 7 and 8 dem onstrate data describing cyto chrome f photooxidation. In contrast to spinach, sonified B um illeriopsis chloroplasts did not exhibit any light-induced change at 553 nm with either Pc added or not (Fig. 7, tracing No. 1 ). These particles contained no traces of cytochrome f ( = Cyt 553), as was proven by spectral assessment. In tracings Nos. 2 and 3 cytochrome 553 was added in approx. the same amount as P 700 present. The rapid photo oxidation was complete (as seen by the identical extent of the deflections Nos. 2, 3, and 7, respecti vely; the latter demonstrating the redox reactions done by chemical m eans of electrons from photosystem II to cytochrome 553 was operating, otherwise the extent of the photo oxidation would have been smaller. A decreased deflection was observed when the actinic light was diminished by a 5% filter (tracing No. 4 -6). -Sur prisingly, the tracings Nos. 5 and 6 indicated a substantial inhibition of cytochrome 553 photo oxidation (about 13 and 18%) due to spinach Pc added. This was observed also with Scenedesmus plastocyanin although the effect was smaller (Nos. 8 -10). W ith high intensity actinic light the inhibi tion was even higher (Nos. 11 -14) , approx. 30% with 0.35 nmole Pc added. This is completely dif ferent from the finding with spinach chloroplast (particles). W ith those, Pc is an essential component to achieve the light-induced 554 change of cyto chrome f (Fig. 8 , Nos. 7, 8) ; in the case of higher plant chloroplasts the latter is still present in the subchloroplast particles, thereby confirming data of previous re p o rts7-9. The other tracings in Fig. 8 show that photosystem-I particles from Bum il leriopsis (prepared with Tween 20 and pyridine) yielded principally the same data as was explained in Fig. 7 with sonified algal chloroplasts. Almost a 100% cytochrome photooxidation was observed with P700 present either 2.5 times in excess of the heme protein (tracing No. 2) or in the same concentra tion (No. 6 ).
So, in conclusion, the experiments reported above with chloroplasts and subchloroplast particles from B um illeriopsis reveal a fundamental deviation from the corresponding ones for spinach. Plastocyanin is not only not a necessary redox component but interferes with cytochrome 553.
D iscussion
Data showing the lade of a component within the thylakoid m embrane are, of course, more suscep tible to critical objections than positive indications. So, for example, we cannot exclude the possibility that the am ount of Pc present in this alga is so small that it escaped detection, being nevertheless of ob ligatory functional importance. This is highly im probable, however, since these are data accumulating indicative for the occurrence of functionally linked redox carriers in a m olar ratio of 1 :1 (or higher) based e. g. on the Cyt f content. This was found in ß.-chloroplasts for the Fd-NADP reductase, Fd and Cyt b 559 (48; Böger, unpubl.) and also by Wild and coworkers in chloroplasts of S in ap is47 (com p . 44, 49) . Furtherm ore, if there were traces of functionally active Pc in our sonified chloroplasts or particles, one should not expect a 100% photo oxidation of added cytochrome 553 in the presence of ascorbate. This would imply an improbable rapid turnover activity of this hypothetical small amount of the copper protein.
As found with cytodirom e 553, however, the method of extraction is quite critical. Deviations from the procedures described generally left some Cyt f (10%) in the membrane, which could always be detected e. g. by the Cyt c photooxidation assay. These traces were found when the sonification time and power were decreased or the pyridine omitted. These procedures had no deleterious effect on Pc, and we are inclined to conclude that it should have been detected by our assays if it were present, since we have amply dem onstrated (Figs 3 and 6 ) that Pc is quite active in redox reactions associated with PS-I.
Spinach subchloroplast particles contain Cyt f which (when adding Pc) undergoes photooxidation only to 12 -14% 8 or 50 -60% in our case, as was also reported by Siedow et al. 9 . This incomplete reaction may be due to some denaturation of the heme protein (or the PS-I reaction center). Bum il leriopsis particles and sonified chloroplasts gave no deflection with Pc added but instead they had to be supplemented with Cyt 553, before being sub sequently photooxidized to 100%. This indicates that the reaction site of PS-I is neither im paired nor occupied by some (inactivated) inhibiting redox component. (The chloroplast particles, however, contain b-cytodiromes, which will be reported else where.) -Furtherm ore, the inhibition of Cyt 553 photooxidation by small amounts of Pc gives strong evidence that there is no Pc in the chloroplast m aterial tested. This plastocyanin inhi bition is of a competitive type vs cytochrome. Both redox proteins seemingly introduce their electrons at the same site of the PS-I system. Therefore, Cyt c photooxidation is stimulated in an a d ditive manner when both redox carriers are given together; ap parently both are also easily reduced by the excess of Cyt c employed.
It should further be noted that gently sonified B.-chloroplasts do not need the addition of any deter gent to let the Cyt-553 photooxidation go. So, with' Bum illeriopsis the objections are not valid against possible artefacts caused by the action of deter gents 14. Particles from higher plant chloroplasts need the use of detergents either in the reaction m ixture7-9,44 or during preparation of the partic les (own findings). Furtherm ore, in contrast to spinach8' 9, Bum illeriopsis subchloroplast particles are enriched in P700 (see legend of Fig. 8 ).
W ith respect to PS-I photoreactions dealt with herein B um illeriopsis chloroplasts possess some rather unique properties:
1. They are devoid of Pc, and gentle sonification yields particles which have no traces of cyto chrome f either. This is hardly attainable with spinach chloroplasts 8.
2. Cytochrome f (Cyt 553) is photooxidized to approx. 100% when added in a molar ratio of ^ 1 to P700.
3. No detergent is needed for this photooxidation.
4. Subchloroplast particles are enriched in P700 vs chlorophyll.
Furtherm ore, our findings from comparative func tional assays dem onstrate that data from higher plant chloroplasts should be transferred with some caution into general schemes of photosynthetic elec tron transport.
